A method has been developed for the electrophoretic transfer of DNA,RNA,protein and ribonucleoprotein particles from a variety of gels onto diazobenryloxymethy1 (DBM) paper. Conditions for the electrophoretic transfer of these macromolecules have been optimized to allow for nearly quantitative transfer and covalent coupling.
INTRODUCTION
The covalent coupling to diazobenzyloxymethyl (DBM)-paper of discrete species of DNA and RNA , separated by gel electrophoresis, and subsequent hybridization with specific radioactive probes is emerging as a significant advance in the analysis and purification of gene sequences (1) (2) (3) (4) .
Use of DBM-paper avoids difficulties associated with nitrocellulose such as loss of DNA during posthybridization washes and poor binding of fragments smaller than 0.3 to 0.5 Kb. In addition, DBM-paper has analytical possibilities not offered by nitrocellulose because of its ability to couple covalently with RNA and protein (2, 5) .
However, the usefulness of DBM-paper has been limited by the lability of reactive diazonium groups responsible for covalent coupling to macromolecules (2, 5) . Transferring DNA, RNA and protein from agarose or acrylamide gels to DBM-paper via blotting procedures has resulted in poor transfer and relatively low co- EcoRl generated restriction fragments (0.91-3.35Kb) of pMF2 were labeled with (alpha P)ATP at 3' OH termini using terminal deoxynucleotidy1 transferase (21) and electrophoresed into a 0.7Z agarose gel. DNA fragments(10*cpm/«g) in two lanes were denatured and neutralized ?.s described in Methods. Both denatured and nondenatured pMF2 fragments were eleetrophoretically transferred to freshly prepared DBM-paper in 25 mM sodium phosphate,pH5.5 , for 6 hours at lOV/cra and 175nA at 4°C. Following transfer the gels were dissolved in saturated Nal and counted by Cerenkov radiation. After overnight incubation at 4^ the DBM-paper carryIng DNA was washed in six changes of 2xSSC,0.1Z SDS at 37*C for 24 hours, washes were pooled and counted. The labeled DNA remaining coupled to DBM-paper after washing was hydrolyied by successive incubations in IN HC1 and IN NaOH for 60 min each at 37*C. The cpm removed by acid-alkali treatment of DBM-paper carrying DNA were taken as the fraction of counts which were covalently coupled. The covalent coupling efficiency was defined as cpm bound after washing/cpm bound after washing + cpm removed by washing. pH 5.5. Furthermore DEAE paper positioned anodically from the DBM-paper, and in direct contact with it during e leetrophoresis, showed no detectable radioactivity, indicating that DNA migration through DBM-paper was negllgibJe.
Control experiments showed that DEAE-paper carrying labeled RNA retained it quantitatively under these conditions. Greater than 85Z of the denatured DNA and 75Z of the nondenatured DNA remained stably bound to DBM-paper through extensive washing (Table 1) . Autoradiography of the DBM-paper carrying the labeled DNA showed that, after washing, the four EcoRl-generated restriction fragments of pMF2 with poly A "tails"
were transferred and coupled to DBM-paper with comparable efficiencies (data not shown). Poor covalent coupling was observed with nondenatured EcoRl and Smal generated restriction 3 2 fragments of pMF2 which were labeled with P by polynucleotide kinase (25) . Only 10Z of the radioactivity associated with EcoRl fragments and 1-2Z of that associated with Smal fragments were covalently coupled to DBM-paper following electrophoretic transfer and washing.
Electrophoretic transfer of RNA to DBM-paper 32 Figure 2 shows that E.coli RNAs ( P-labeled) ranging in sire from 4S to 23S were completely transferred from a composite gel to DBM-paper in 4 hours at 5V/cm in 50 mM sodium phosphate, pH5.5.
As expected the rate of transfer for intact RNAs was sixe depend- out, eluted in 2x SSC, 0.11 SDS, re-eleetrophoresed on a second two-dimensional gel and again transferred to DBM-paper. The positions of the four spots in the second gel correspond exactly to their positions in the original gel as shown in Figure 6 .
In a second experiment we studied a much larger RNA, the 25S precursor of p23S rRNA in I^.CJDJ^I mutant AB105 . This RNA, which is found on polyribosomes (A . D. ,unpubllahed observation) was separated in a composite gel along with numerous other precursor rRNAs from this mutant strain deficient in the rRNA processing enzyme RNase III (Figure 7, slot 1) .After transfer of the P-labeled RNA to DBM-paper which had lost covalent coupling capacity, the 25S RNA was eluted in 25mM Tris-HCl, lOmM MgCl 2> 300mM NH^Cl, pH 7.6 buffer overnight at 4°C. The RNA was concentrated and dlalyzed to reduce NH.C1 to 130mM. An aliquot was treated with RNase III and electrophoresed into a composite gel adjacent to an untreated sample. The conversion of 25S to p23S rRNA, as shown in Figure 7 , slots 2 and 3, indicated that electrophoretic transfer and elution of RNA from DBM-paper yielded RNAs susceptible to enzymatic hydrolysis and unaltered in eleetrophoretic mobility. Hon-covalent binding of polyribosomes to DBM-paper E. coli polyribosomes , labeled ^l_n vi_tr_o with pCp (11) and electrophoretically separated in a composite gel (14) , were transferred to DBM-paper incapable of covalent bond formation using a buffer containing 2mM MgCl 2 , 50mM MES (2(M-Morpholino) ethane sulfonic acid), pH 7.0. Electrophoretic conditions were as described above for transfer of large RNAs. Monosomes and disomes were eluted from the paper in 0. A simultaneous transfer and separation of the riboaomal protein and rRNA can be achieved by soaking the gel briefly in 8M urea prior to eleetrophoretic transfer. Urea dissociates the protein from the rRNA and the two components migrate in opposite directions onto DBM-paper placed on either side of the gel.
Covalent binding of po lyribosoraes and ribosomal precursor Figure 8 . Non-covalent binding of polyribosomes to DBM-paper. 32 P-labeled bacterial polyribosomes were eleetrophoretlea 1 ly separated In a composite gel and stained (14)(slot 1), or transferred to DBM-_ ^_ ^^_ paper and autoradiographed 70S"*" B" "*"^H (slot 2). RNAs recovered from monosome and disome regions of DBM-paper were e lectrophoresed in a composite gel and autoradiographed (slots 3 and U). 2x,3x and 4x represent polyribosomes of disome, trlsome and tetrasome size.
particles can also be achieved using freshly prepared DBM-paper and conditions as described above (data not shown). Hybridization of P-labeled RNA to DBM-paper carrying DNA The ability of electrophoretically transferred DNA, covalently bound to DBM-paper, to hybridize with P-labeled RNA probes was tested using plasmid DNA obtained from pMF2, a hybrid plasmid containing the complement of sequences homologous to the 26S, 17S and 5.8S rRNAs from N.crassa (16). pMF2 was digested with restriction endonucleases BAM HI and EcoRl and the fragments were separated by electrophoresis in an agarose gel as shown in Figure  9 , slots 1 and 2. After electrophoretic transfer to freshly prepared DBM-paper they were hybridized with RNA probes. As shown in Figure 9 , 32 P-labeled 26S and 17S rRNA hybridized to appropriate restriction fragments of pMF2 DNA (J.6). Background radioactivity resulting from non-specific binding of RNA to DBM-paper was comparable to or lower than that obtained with nitrocellulose (unpublished observations). are coupling to DBM-paper by virtue of their single stranded tails.
Hybridization of
Indeed we found that P AMP, eleetrophoretically transferred to DBM-paper, bound covalently with a relative affinity of approximately 4O-45Z of that of GMP. CMP and UMP affinities were approximately 20Z and 2-4Z respectively (data not shown).
The efficient coupling to DBM-paper of DNA which is largely double stranded may be useful in the localization of DNA-binding proteins to particular DNA restriction fragments carrying sequences recognized by these proteins.
